INTRODUCTION
The presence of hair on the body is one of the important characteristics of class Mammalia. Mammalian hair is structurally unique in different mammal species which is a result of adaptation and evolution in response to the environment. This characteristic is widely used to identify animals at species level (Menike et al. 2012 ). Identification of mammals using hair morphology has also been used in diet analysis of predator species using scat analysis. In southern India several studies have documented feeding habits of Leopard Panthera pardus fusca during the last two decades (Ramakrishnan et al. 1999; Athreya et al. 2014) . All these studies suggest that wild as well as domestic animals form major components of leopard diet especially in areas of human dominated landscapes. Predation of livestock is one of the most important human-leopard conflict scenarios in India and is the primary cause for leopard persecution. This in turn can lead to major threats to leopard conservation goals. Therefore, understanding the leopard diet can play an important role for its conservation in human dominated landscapes of India.
Photographic references of the hair structures of wild and domestic ungulate prey species of leopard has effective practical applications in understanding leopard feeding habits. Hair morphology is an important tool that can be used to identify animal species (ENFSI 2015) ; however, identification of species from hair structure is not a straightforward process and practitioners need to develop expertise to identify and to be able to distinguish hair characteristics especially in closely related species. Thus, the understanding and comparison of hair structures is important to help distinguish one species from another.
Mammals have four types of body hair, of which guard hair are the most important in differentiation between various animal species (Tridico 2005; Knecht 2012) . A typical mammal hair consists of a hair root and hair shaft. The root is embedded in the epidermis and the shaft is the part which extends above the epidermis as a cylindrical structure. The hair shaft is made up of three distinct morphological layers, i.e., medulla (central layer), cortex (intermediate layer) and cuticle (outer layer) (Deedrick & Koch 2004a; Debelica & Thies 2009; Knecht 2012) . The medulla, which is the innermost layer of the hair shaft, is a honeycomblike keratinous structure which can be continuous, discontinuous or fragmented with vacuoles in between (Deedrick & Koch 2004a) . The cortex contains keratin fibers and pigment granules which are responsible for the coloration of the hair. The cuticle, the outermost layer, consists of overlapping keratin scales (Deedrick & Koch 2004a) . Two main patterns of cuticle scales are: (i) imbricate, and (ii) coronal. The distance between every two successive scale margins can be close, intermediate or wide, depending on the animal species (Debelica & Thies 2009 ). The pattern of the cuticle scales, the type and the diameter of the medulla and/or the characteristics of pigmentation can be used for animal species identification (Brunner & Coman 1974) .
The presence of high content of cysteine-containing keratin and dead keratinocytes delays postmortem changes and chemical decomposition in mammal hair (Harkey 1993; Knecht 2012) . This property of mammalian hair has helped in carrying out forensics investigations.
Although several studies have reported hair structure identification for wild and domesticated mammal hairs (Dharaiya et al. 2012 ), very few of them deal with ungulates. Further, such studies are also required to create database for different geographical areas. In the present study we provide a comprehensive comparative database about wild and domestic ungulate prey species of the leopard in Goa.
MATERIALS AND METHOD

Sample collection and preparation
For preparing the photographic reference of cuticle and medulla characters, shed hairs were collected from six wild ungulate species from the night shelter enclosures of the Bondla Zoo located at Bondla Wildlife Sanctuary, Ponda Goa and from four live domestic ungulate species from five individuals each from Goa during January 2016 to December 2016. Guard hairs were separated from other hairs based on their properties before analysis as given by De Marinis & Asprea (2006) . Hairs were then immersed in 70% ethanol solution for 5-10 minutes to remove any debris and non-hairy sticky materials. The hair strands were then dried and cleaned on a blotting paper. Each hair length was divided into three parts: proximal (base), medial (middle), distal (apical). Longer hairs were cut into these three respective parts for comparative analysis of each strand at different lengths whereas shorter hairs were used as a whole.
Examination of hair cuticle scale pattern
Cuticle scales of individual hairs were analyzed using the methodology of Mukherjee et al. (1994b) . A 20% gelatin solution was prepared by boiling the gelatin powder in distilled water. The solution was cooled and two drops of Leishman's stain was added to the solution to obtain a pale blue colour. One to two drops of this solution was used to prepare a smooth film on a clean dry glass slide and immediately cleaned hair shafts were superficially placed on the film. The glass slide was then covered with a glass petri plate and left for 15-20 minutes at room temperature. The hair shafts were then slowly separated from the gelatin film using forceps such that an imprint of the scales was formed on the glass slide. These imprints were observed and photographed under (400X) magnification using a light microscope (Olympus microscope BX 53).
Examination of hair medulla and pigmentation
For hair medullary pattern and pigment analysis, hairs were immersed in xylene for 24 hours. The hairs were then dried and then mounted on glass slides using a drop of DPX and then covered with a coverslip (Mukherjee et al. 1994b ). The slides were allowed to dry for an hour and then observed and photographed under a light microscope at 400X magnification.
RESULTS
Hair structures from different species were identified and compared for their cuticle and medulla patterns along with pigmentation features from the literature available for wild and domestic ungulates from India and abroad (Mukherjee et al. 1994; Dharaiya & Soni 2012; Joshi et al. 2012; Ghallab et al. 2018 ).
Comparative analysis of cuticle
Cuticle scale position, scale margin, scale margin distance and scale patterns were analyzed from guard hairs collected from six wild and four domestic animal hairs at different hair lengths (Table 1 ; Images 1-10). Analysis of hair at three different levels revealed considerable variations in scale margin, scale margin distance and scale patterns in all the sampled animals whereas scale position showed no major variations at different hair lengths. In a majority of the animal species, the distal part of the hair showed maximum variation from the rest of the hair portions. The cuticle scales were imbricate in all the species studied. Scale position in almost all the studied animals was transversal except in Goat Capra aegagrus hircus (proximal part and medial part) and Mouse Deer Moschiola indica (distal part).
Based on scale margin type, pattern and distance, the species of animals could be clearly differentiated. 
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A majority of the species showed smooth margins at proximal and medial part, whereas the distal scale margin was crenate and rippled in appearance. The proximal and medial parts of the hair of a majority of the sampled animals showed regular wave type scale pattern whereas the distal part of hair showed irregular wave type of scale pattern. A single chevron type of scale pattern was seen in the medial part and distal 
Comparative analysis of hair medulla morphology and pigmentation
In addition to cuticle scale characteristics, hair medulla morphology, composition, structure, pattern and margins as well as the pigmentation has been used to identify and compare the sampled wild and domestic ungulate prey species of leopard. The composition of medulla was multicellular in all the sampled deer species. Only cow calf hair medulla was unicellular and uniseriate in appearance. Medulla cell type could not be differentiated in buffalo calf, domestic pig and goat. Amorphous type medulla structure was observed in buffalo calf, domestic pig, goat, Spotted Deer, Wild Boar and Gaur, whereas filled lattice type medulla was 
Morphometric analysis of ungulate hair
Total hair diameter as well as medullary thickness was measured using binocular microscope with camera attachment using ProgRes software. Total diameter of hair was maximum at the proximal part compared to the rest of the portion of the hair in all the sampled ungulate species, whereas thickness of medulla was maximum at the medial part in a majority of the species with the exception of cow calf, buffalo calf and goat. Medulla did not extend to the distal end in case of wild boar and to the proximal end in case of gaur whereas in case of cow calf and spotted deer medulla was absent at both the (Table 3) .
DISCUSSION
Our results showing hair morphological characters of wild and domestic ungulates were similar to the available literature (Brunner & Coman 1974; Knecht 2012) , but with a few exceptions. Our medulla analysis results in the case of Spotted Deer showed fragmented amorphous medulla. During the study period since there was no reports of leopard attacks on adult cow and buffalo in Goa, only the hairs of the young one of these domestic ungulates were used in the study. Cuticle as well as medulla characters of adult and young individuals of these species did not show any variation when compared with the literature (Ghallab et al. 2018) . Hair characteristics of domestic pig have been compared with that of wild boar as well as gaur with that of cow calf and buffalo calf for the first time in the present study. Similarly goat hair morphology can also help differentiate it from other cervids in the present study. This information can be put to best use when identifying carnivore species in human-carnivore conflict situations where they attack livestock and other domesticated animals. Unlike hair cuticle character, medulla of all the studied species did not show variation along the hair length. Cuticle of hair at different lengths in all the studied species showed variation in scale position, pattern, spacing and margin. This is helpful in microscopic analysis of hair fragments which are usually the case when studying the diet of predators through scat analysis. Medulla and cuticle characters in combination can help differentiate wild ungulate species from the domestic ones since these wild ungulate species are mostly involved in crime investigations such as illegal hunting.
Characters of hair when used in isolation may not be of much value in species identification as they show high variation; however, when these characters are analyzed in combination these they may provide significant information for identification of species (Brunner & Coman 1974; Teerink, 1991) . Several studies are available on the combined analysis of hair characters for species identification. Joshi et al. (2012) have done a comparative hair study only on the basis of the hair colour and medulla structures in Mouse Deer, Spotted Deer, Barking Deer and Sambar Deer. Dharaiya & Soni (2012) have documented characters of transverse section of Spotted Deer, Sambar Deer, buffalo, cow, and goat, but have not explored cuticle and medulla characters. The remaining studies on ungulate hair are mainly based on the predator's scat-hair (diet) analysis.
Analysis and examination of animal hair plays a vital role in wildlife forensics investigation. Analysis of hair collected from the crime scene can provide essential information about the species involved (Soni et al. 2003) . Hair analysis has even proved beneficial in tracing chemical poisoning cases in animals (Harkey 1993; Krumbiegel et al. 2014 ) and hence the same can be utilized in wildlife forensic investigation where the carcass has decomposed and tissues cannot be collected.
This photographic reference in the present study will help to identify the ungulate prey species of leopard and other wild carnivores from the scat analysis from such localities. Therefore, the photographic reference presented in this study can be used in wildlife forensic science as well as predator diet analysis, as an appropriate reference for prey species identification.
In conclusion, the present study provides a first-step towards preparation of local photo reference database of hair of wild and domesticated ungulate species which can be used in forensic investigations as well as to study human carnivore conflict scenarios arising out of livestock depredation. Further studies using more advanced techniques such as electron microscopy can be used to prepare a complete local atlas for all wild and domestic animal species' identification.
